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TITLE OF THE INVENTION 
ELECTRIC MOTOR 
BACKGROUND OF THE INVENTION 
(Field of the Invention) 

The present invention relates to an electric motor 
and more particularly to a structure for suppressing 
generation of electromagnetic vibration and noise caused 
by electromagnetic exciting force in the radial direction 
of an inverter motor. 

(Prior Art) 

Many electric motors are used in household electric 
appliances and various office automation devices and 
furthermore in recent years, have been loaded in electric 
cars. 

The motors are required for large output power, thus 
vibration and noise due to electromagnetic exciting force 
are caused. 

The electromagnetic exciting force in the radial 
direction is generated when, during mutual movement of a 
rotor and a stator, the electromagnetic path of magnetic 
field flux generated from the magnetic poles of the rotor 
is periodically changed whenever the magnetic poles of 
the rotor cross the openings of the slots formed on the 
stator and the magnetic flux distribution in the gap is 
changed. The time harmonic order, space harmonic order, 
and amplitude of the electromagnetic exciting force in 
the radial direction depend on the number of poles of the 
effective pole opening angle of the rotor and the number 
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of slots formed in the stator. 

On the other hand, due to the pursuit of a 
comfortable environment in a house and a car, a request 
for reduction in vibration and noise is increased and 
5 arts for reducing them have been developed. 

As one of the arts for reducing vibration and noise, 
a skew is formed in the rotor of the electric motor. As 
a means for forming the skew, the following may be cited. 
In Patent Document 1, the outer peripheral surface 

10 of the shaft is divided equally into several parts in the 
axial direction in the process of manufacturing the rotor 
by fixing the piece-shaped permanent magnets to the 
positions equally distributed on the outer peripheral 
surface, and the projections are formed on the outer 

15 peripheral surface of the shaft by pressing in the 

respective divided rows, and the permanent magnets are 
fixed using the projections for positioning the permanent 
magnets, and the skews are provided by attaching the 
balance weights to the tops of the projections when 

20 necessary, and insurance of positioning of the permanent 
magnets and skew angle, simplification of the steps, and 
reduction in the number of parts are realized. 

In Patent Document 2, the same poles of a plurality 
of ring permanent magnets multi-pole-magnetized in the 

25 axial direction are installed opposite to each other at a 
gap of t by forming a positioning slot in the motor shaft 
as a guide, thus the rotor magnet is structured so as to 
direct the magnetic flux lines in the radial direction, 
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and the characteristic of the surface flux density is 
improved remarkably, and miniaturization and high 
performance of the motor are realized. 

In Patent Document 3, the magnet built-in rotor of 
5 the rotating machine is composed of a plurality of 

divided cylindrical bodies having a plurality of built-in 
permanent magnets so as to form magnetic poles whose 
polarity differs alternately in the rotational direction 
and a shaft for supporting the cylindrical bodies in a 

10 laminated state. The divided cylindrical bodies are 
laminated in the axial direction that the respective 
magnetic poles are shifted in the rotational direction, 
are fit into the shaft, are joined in the rotational 
direction, thereby are connected integrally with each 

15 other. By doing this, torque ripples are reduced, and 
the smooth rotation of the rotor is ensured, and a 
rotating machine can be obtained at a low cost. 

In Patent Document 4, in the brushless DC motor 
composed of the rotor having a mounted permanent magnets 

20 and the stator having a plurality of slots, the effective 
pole opening angle of the rotor is set to a value 
obtained by adding the angle equivalent to one slot 
opening to an integer times of the slot pitch of the 
stator, and the rotor is divided into several parts in 

25 the axial direction, and the divided parts of the rotor 
are structured so as to be shifted around the shaft by 
the mechanical angle equivalent to one half of the period 
regarding to the respective cogging torque. 
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Patent Document 1: Japanese Application Patent Laid- 
open No. Hei 6-245417 

Patent Document 2: Japanese Application Patent Laid- 
open No. 2000-245117 
5 Patent Document 3: Japanese Application Patent Laid- 

open No. 2000-308286 

Patent Document 4: Japanese Application Patent Laid- 
open No. 2001-359266 
SUMMARY OF THE INVENTION 
10 However, Patent Document 1 is effective in reduction 

in the cogging torque, reduction in the unbalance force, 
and reduction in the number of parts, though the effect 
in reduction in vibration and noise due to the 
electromagnetic exciting force in the radial direction is 
15 low. 

Patent Document 2 is also effective in reduction in 
the cogging torque, though it cannot be applied to a case 
that no gap can be formed, and no effect is obtained in 
reduction in vibration and noise due to the 

20 electromagnetic exciting force in the radial direction. 
Patent Document 3 is effective in reduction in 
torque ripples, though an effect is not always obtained 
in reduction in vibration and noise due to the 
electromagnetic exciting force in the radial direction. 

25 Patent Document 4 is effective in suppression of 

bending vibration of the rotation shaft induced by the 
cogging torque. However, an effect is not always 
obtained in suppression of the longitudinal bending 



deformation mode of the stator induced by the 
electromagnetic exciting force in the radial direction of 
an internal rotation motor. 

An object of the present invention is to reduce 
vibration due to electromagnetic exciting force in the 
radial direction of an electric motor, thereby provide an 
electric motor of low noise. 

In the electric motor of the present invention, a 
rotor or a stator is divided into four or more even rotor 
pieces or stator pieces (although "divided 1 ' is specified 
here, a predetermined number of pieces seeming as divided 
is included) for an axial length of 2L. For each rotor 
piece or stator piece, so as to generate the 
electromagnetic exciting force in the radial direction 
orthogonalized with the longitudinal bending deformation 
modes of the stator, the axial length and the relative 
position in the circumferential direction of the 
effective pole opening angle included in each rotor piece 
or stator piece are decided. 

The rotor or stator is divided into 4 or 4n (n 
indicates an integer, 4 forms one group) pieces in the 
axial direction, and the length and electrical angle of 
each piece, assuming the axial length of one group of the 
rotor core or stator core as 2L, the axial direction as 
the X-axis, the axial center as x=0 , and the 
electromagnetic exciting force in the radial direction as 
F(x), on the basis of the following three relational 
formulas : 
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\ L L F(x)dx = 0 

5 f_ L xF(x)dx = 0 

F(-x) = -F(x) 

are set according to the relationship between the 
equivalent axial length and the equivalent position 
shifted between the pieces in the circumferential 

10 direction and are arranged in the setting order. 

When the rotor or stator is divided into 4 (4n 
included) rotor pieces or stator pieces, the axial length 
of the four rotor pieces or stator pieces obtained 
ideally by the three formulas aforementioned is basically 

15 0.29L, 0.71L, 0.71L r and 0.29L, and the equivalent axial 
length is set on the basis of the reference values, and 
the effective pole opening angle of one pole of the 
respective rotor pieces or stator pieces, so as to set 
the phase difference of the electrical angle between the 

20 respective rotor pieces or stator pieces in the 

circumferential direction of the rotor or stator to 0, ft, 
0, and ft, is set to, for example, an angle shifted by one 
half of the slot between the pieces. At this time, the 
electrical angle used corresponds to the slot ripple 

25 component and one period (2ft) is the slot pitch. 

When the rotor or stator is divided into 6 (6n 
included) rotor pieces or stator pieces, the axial length 
of the six rotor pieces or stator pieces obtained ideally 
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by the three formulas aforementioned is set to 0.25L, 
0.5L, 0.25L, 0.25L, 0.5L, and 0.25L and the rotor pieces 
or stator pieces are arranged in the setting order. And, 
the effective pole opening angle of one pole of the 
5 respective rotor pieces or stator pieces, so as to set 

the phase difference of the electrical angle between the 
respective rotor pieces or stator pieces in the 
circumferential direction of the rotor or stator to 0, ft, 
0, 7i, 0, and n, is set to, for example, an angle shifted 
10 by one half of the slot between the pieces. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a drawing showing an embodiment of the 
rotor of the electric motor of the present invention, 
Fig. 2 is a drawing showing the exciting force 
15 pattern of the electric motor of the present invention 
and the orthogonal conditions which the electromagnetic 
exciting force in the radial direction must meet, 

Fig. 3 is a drawing showing the position 
relationship between the stator core and the cross 
20 section of the stator core in the axial direction, 
Fig. 4 is a drawing showing the exciting force 
pattern of the rotor pieces when the rotor core is 
divided into 4 pieces, 

Fig. 5 is a drawing of the electric motor used for 
25 analysis, 

Fig. 6 is a frequency response diagram of the 
avaradge vibration velocity excited by the 
electromagnetic force in the circular mode order (0) when 
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the rotor is not divided, 

Fig. 7 is a diagram showing calculation results of 
the average vibration velocity of the electric motor by 
changing the electromagnetic radial force pattern, 
5 Fig. 8 is a diagram showing calculation results of 

the average vibrating velocity when a gear reducer is 
attached to the electric motor, 

Fig. 9 is a diagram showing the position for 
switching the phase difference in the mesh diagram of the 
10 section of the stator core in the axial direction, 

Fig. 10 is a diagram showing calculation results of 
the average vibration velocity by changing the position 
for switching the phase difference of the electromagnetic 
exciting force in the radial direction of Case D, 
15 Fig. 11 is a diagram showing calculation results of 

the average vibration velocity by shifting the position 
PI for switching the phase difference of the 
electromagnetic exciting force of Case D, 

Fig. 12 is a diagram showing calculation results of 
20 the average vibration velocity by shifting the position 
P2 for switching the phase difference of the 
electromagnetic exciting force in the radial direction of 
Case D, 

Fig. 13 is a schematic view showing another 
25 embodiment of the present invention shown in Fig. 1, 
Fig. 14 is a schematic view showing still another 
embodiment of the present invention shown in Fig. 1, 
Fig. 15 is a schematic view showing another 
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embodiment of the exciting force pattern of the rotor 
piece when the rotor core is divided into 4 pieces, 

Fig. 16 is a drawing showing an application example 
of the present invention shown in Fig. 1 to a surface 
5 magnet motor, 

Fig. 17 is a drawing showing an application example 
of the present invention shown in Fig. 1 to a switched 
reluctance motor, 

Fig. 18 is a drawing showing an application example 
10 of the present invention shown in Fig. 1 to a synchronous 
reluctance motor, 

Fig. 19 is a drawing showing an application example 
of the present invention shown in Fig. 1 to a brushless 
motor, and 

15 Fig. 20 is a drawing showing an application example 

of the present invention shown in Fig. 1 to a linear 
motor . 

DETAILED DESCRIPTION OF THE INVENTION 

(Description of the Preferred Embodiments) 
20 Hereinafter, the embodiments of the present 

invention will be explained with reference to the 

accompanying drawings . 

Fig. 1 is a drawing showing an embodiment of a rotor 

and a stator 7 in an example of a permanent magnet motor 
25 of an electric motor 100 of the present invention. Fig. 

3 shows a conceptual diagram of the stator core (stator) 

7, and Fig. 3(a) shows the cylindrical shape, and Fig. 

3(b) shows the section 8 thereof. In these drawings, the 



core of the rotor 1 is composed of laminated steel plates 
and the laminated steel plates are divided into a 
plurality of blocks in the axial direction, that is, 
rotor pieces. The rotor 1 shown in Fig. 1 is composed of 
5 four rotor pieces 3, 4, 5, and 6, a shaft 10, and 

permanent magnets 2 (2a, 2b, 2c, 2d) having the same 
axial length as the axial length of the rotor pieces 3, 4, 
5, and 6 in the axial direction. The permanent magnets 2 
respectively have an effective pole opening angle of 0. 

10 In Fig. 1, the permanent magnets 2 having the 

effective pole opening angle are embedded in the core of 
the rotor 1, though as shown in Fig. 16, the permanent 
magnets may be attached to the core surfaces of the rotor 
1. Further, the effective pole opening angle may be 

15 realized by magnetizing a ring magnet. 

The axial length and the phase difference of 
electrical angle which is decided by the position of the 
effective pole opening angle in the circumferential 
direction of the rotor pieces 3, 4, 5, and 6 and is 

20 decided by the following conception. 

The present invention uses a combination pattern of 
the axial length and the phase difference of the 
electrical angle when harmonic components of the 
electromagnetic exciting force, generated by the 

25 electrical characteristic, are orthogonalized with the 
longitudinal deformation modes of the stator core 7. 

Assuming the mode shapes of the stator core 7 of the 
electric motor 100, when the vibration and noise problem 



occurs as longitudinal bending deformation bending modes 
of the beam order 0, 1, and 2, a pattern of 
electromagnetic exciting force in the radial direction 
for suppressing those modes will be considered. 

For simple examination, a structural consists of 
only the stator core 7, and the axial length of the 
stator core 7 is the same as the core axial length of the 
rotor 1 such as 2L, and the boundary condition of the 
stator core 7 is both ends free or both ends fixed, and 
the stator core 7 is a beam, and the axial length of the 
rotor pieces 3, 4, 5, and 6 is the same as that of the 
permanent magnets 2 included in the rotor pieces 3, 4, 5, 
and 6. When the rotor 1 has end plates, the axial length 
2L does not include the axial length of the end plates. 

At this time, for the longitudinal' bending 
deformation modes of the beam order 0, 1 and 2, the 
orthogonal conditions shown in Fig. 2 may be considered. 
Case D shown in Fig. 2 that meets the formulas indicated 
below is taken for example, and the decision of the axial 
length of each rotor pieces 3, 4, 5, and 6 will be 
considered. 

For simple development of the formulas, as shown in 
Fig. 4, the stator core 7 is assumed as a one-dimensional 
beam parallel to the x-axis and the force exiting the 
stator core 7 is assumed as one-dimensional force in the 
y-axis direction. The axial length of the stator core 7 
is set to 2L. 

The one-dimensional beam is divided into four parts 
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so as to be symmetrical about the central point 0 of the 
x-axis of the stator. The forces exiting each part 
symmetrical about the point 0, for example, and their 
ampritudes are set to f and -f (f is a constant) . This 
is a constitution that electromagnetic exciting force 
having the practically same amplitude in the radial 
direction is applied to each piece. 

Assuming a function of force as F(x), by such 
division, the following conditional formulas are 
considered to be satisfied. 

Formula 1 



f L F(x)dx = 0 



Formula 1 

Formula 2 

F{-x) = -F(x) 

Formula 2 

Formulas 1 and 2 are satisfied and furthermore 
Formula 3 indicated below is considered to be satisfied. 
Here, Formula 1 sets the integral value to 0 and 
suppresses the longitudinal bending deformation mode 
order 0 and Formula 2 sets the point symmetrical 
vibration to 0 and suppresses the longitudinal bending 
deformation mode order 2 . Formula 3 sets the moment 
value to 0 and suppresses the longitudinal bending 
deformation mode order 1. The number of divided pieces 
is plural and even such as four or more particularly from 
the obtained solution. 
Formula 3 
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f L xF(x)dx = 0 

Formula 3 

The moment M applied to the one-dimensional beam is 
expressed by the following formula. 
5 Formula 4 

M = -Ixfdx+fxfdx-JxfcU + Jxfdx. 

-L , xx 0 xx 

Formula 4 

The above formula is properly arranged as the 
10 following formula. 
Formula 5 

L 
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M =2(-fxfdx + fxfdx ) 



Formula 5 

Here, when the condition for the moment M = 0 is 
introduced, the following formula is obtained. 



—fxfdx + Jxfdx = 0 . 

0 xi 

Formula 6 

When the above formula is solved, in a case of four 
divided pieces, the following relationship is held 
20 between xl and L. 



Formula 7 



25 V2 



Formula 7 



The above relationship is held even if the stator 
core 7 has a cylindrical surface and the exiting force is 
three-dimensional electromagnetic exciting force in the 
radial direction of the circular mode order n whose 
center is the x-axis. 

Therefore, the rotor 1 is divided into the rotor 
pieces 3, 4, 5, and 6 having an axial length of: 

Formula 8 



and the neighboring rotor pieces are shifted in the 
circumferential direction so as to set the phase 
differences of the respective electrical angles to 0, 7i, 
0, and n f and the permanent magnets 2 are positioned in 
the circumferential direction, thus the moment applied to 
the stator core 7 ideally becomes 0, and the beam bending 
deformation modes order 0, 1, and 2 can be suppressed. 

However, in an actual electric motor, depending on 
the structure of the stator and conditions of constraint, 
the moment M does not become 0 perfectly, so that it 
should be noted. 

As mentioned above, basically, the rotor is divided 
into a plurality of pieces in the axial direction for 
each pole of the effective pole opening angle thereof, 
and the axial length and the electrical angle of each 
piece, assuming the axial length of one group of the 
rotor core as 2L, the axial direction as the x-axis, the 




Formula 8 



axial center as x=0, and the electromagnetic exciting 
force in the radial direction as F(x), constitute an 
electric motor decided so as to hold the following three 
relational formulas : 



In the electric motor aforementioned, each one pole 
of the effective pole opening angle of the rotor is 
divided into four pieces respectively for the axial 
length 2L of the rotor core, and the ideal four pieces 
have an axial length of 0.29L, 0.71L, 0.71L, and 0.29L, 
and the pieces are arranged in the circumferential 
direction as the phase difference of the electrical 
angles of the neighboring pieces equivalent to 0, it, 0, 
and tc. 

The axial length error of the four pieces of the 
effective pole opening angle aforementioned can be set 
within the range of ±5% of the total axial length of one 
group of the four pieces of the rotor core. 

In the electric motor aforementioned, each one pole 
of the effective pole opening angle of the rotor is 
equally divided into six pieces respectively for the 
axial length 2L of one group of the rotor core, and the 
pieces can be arranged in the circumferential direction 
as the phase difference of the electrical angle of the 
neighboring pieces equivalent to 0, n, n, 0, 0, and 71. 



j L £ F(x)dx = 0 




FQ-x) = -F(x) 



In the electric motor aforementioned, when each one 
pole of the effective pole opening angle of the rotor is 
divided into six pieces respectively for the axial length 
2L of one group of the rotor core, from the position of 
x=0, the six pieces, assuming the respective junction 
faces as -b, -a, 0, a, and b, meet: 

L 2 =2(b 2 -a 2 )L 2 '■ 

and are arranged in the circumferential direction as 
the phase difference of the electric angles of 
neighboring pieces equivalent to 0, n, 0, 7i, 0, and 71. 

On the basis of the aforementioned formulas and 
solutions, the means capable obtaining better results 
than the cases of no division case A, C and G shown in 
Fig. 7 and not meating the aforementioned three formulas, 
is described. For example, in an electric motor composed 
of a rotor equipped with magnets and a stator having a 
plurality of slots, the rotor or stator is divided into 4 
or 4n (n indicates an integer, 4 forms one group) pieces 
in the axial direction, and the axial length and the 
electrical angle of each piece, assuming the axial length 
of one group of the rotor core or stator core as 2L, the 
axial direction as the X-axis, the axial center as x=0 , 
and the electromagnetic exciting force in the radial 
direction as F(x), on the basis of the following three 
relational formulas : 

j L L F(x)dx = 0 

j L L xF(x)dx = 0 
F(-x) = -F(x) 



are set according to the relationship between the 
equivalent axial length and the equivalent position 
shifted between the pieces in the circumferential 
direction and are arranged in the setting order, and each 
piece of one group of four pieces, as an equivalent axial 
length, can be set to any axial length within the range 
from 0.19L, 0.81L, 0.81L, and 0.19L to 0.50L, 0.50L, 
0.50L, and 0.50Lx, and the effective pole opening angles 
are arranged in the circumferential direction as the 
phase difference of electrical angles of the neighboring 
pieces equibalent to 0, n, 0, n, 0, and n. 

Further, for example, in an electric motor composed 
of a rotor equipped with magnets and a stator having a 
plurality of slots, the rotor or stator is divided into 4 
or 4n (n indicates an integer, 4 forms one group) pieces 
in the axial direction, and the axial length and the 
electrical angle of each piece, assuming the axial length 
of one group of the rotor core or stator core as 2L, the 
axial direction as the X-axis, the axial center as x=0 , 
and the electromagnetic exciting force in the radial 
direction as F(x), on the basis of the following three 
relational formulas : 

f L F(x)dx = 0 

j L L xF(x)dx = 0 
F(-i) = -F(x) 
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are set according to the relationship between the 
equivalent axial length and the equivalent position 
shifted between the pieces in the circumferential 
direction and are arranged in the setting order, and each 
piece of one group of four pieces, as an equivalent axial 
length, can be set to any axial length within the range 
from 0.19L, 0.81L, 0.81L, and 0.19L to 0.39L, 0.61L, 
0.61L, and 0.39L. 

As shown in Fig. 2, the effective pole opening 
angles are arranged in the circumferential direction as 
the phase difference of electrical angles of the 
neighboring pieces equivalent to 0 , n f 0, and n. Further, 
the position in the circumferential direction is relative, 
so that 7i, 0, 7i, and 0 are equivalent to the 
aforementioned . 

As a means for setting the phase difference of the 
electrical angle to n, it may be considered to shift 
respectively the positions of the permanent magnets 2 in 
the circumferential direction by one half of the slot. 
Two shifting ways may be considered as shown in Figs. 1 
and 13. The two ways may be selected from the viewpoint 
of motor efficiency and manufacture easiness. 

Further, even when the rotor 1 is divided into six 
rotor pieces, the axial length can be decided similarly. 
This is equivalent to Case H shown in Fig. 2 which is a 
case meeting the aforementioned three formulas and in 
this case, between a and b shown in Fig. 2, the following 
relational formula is held. 
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Formula 9 

L 2 =2(b 2 -a 2 )L 2 

Formula 9 

As a solution meeting the above formula, for example, 
there are a=0.25 and b=0.75 available. 

The axial length of the divided pieces in the 
arrangement order is 0.25L, 0.50L, 0.25L, 0.25L, 0.50L, 
and 0.25L. 

For example, as an effective range, in an electric 
motor composed of a rotor equipped with magnets and a 
stator having a plurality of slots, the rotor or stator 
is divided into 6 or 6n (n indicates an integer, 6 forms 
one group) pieces in the axial direction, and the axial 
length and the electrical angle of each piece, assuming 
the axial length of one group of the rotor core or stator 
core as 2L, the axial direction as the X-axis, the axial 
center as x=0 , and the electromagnetic exciting force in 
the radial direction as F(x), on the basis of the 
following three relational formulas: 

\ L _F(x)dx = 0 

\ L L xF(x)dx = 0 
F(-x j = -F(x) 

are set according to the relationship between the 
equivalent axial length and the equivalent position 
shifted between the pieces in the circumferential 
direction and are arranged in the setting order, and each 
piece of one group of six pieces, as an equivalent axial 
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length, is set to a axial length of 0.25L, 0.50L, 0.25L, 
0.25L, 0.50L, and 0.25L, and the effective pole opening 
angles are arranged in the circumferential direction as 
the phase difference of electrical angles of the 
5 neighboring pieces equivalent to 0, n, 0, and n. 

Further, for example, in an electric motor composed 
of a rotor equipped with magnets and a stator having a 
plurality of slots, the rotor or stator is divided into 6^ 
or 6n (n indicates an integer, 6 forms one group) pieces 

10 in the axial direction, and the axial length and the 

electrical angle of each piece, assuming the axial length 
of one group of the rotor core or stator core as 2L, the 
axial direction as the X-axis, the axial center as x=0 , 
and the electromagnetic exciting force in the radial 

15 direction as F(x), on the basis of the following three 
relational formulas : 

\ L _F(x)dx = Q 

\ L L xF(x)dx = 0 

20 F(-x) = -F(x) 

are set according to the relationship between the 
equivalent axial length and the equivalent position 
shifted between the pieces in the circumferential 
direction and are arranged in the setting order, and each 

25 piece of one group of six pieces, as an equivalent axial 

length, on the basis of 0.25L, 0.50L, 0.25L, 0.25L, 0.50L, 
and 0.25L, is set to any axial length within the range of 
±5% of the total axial length of one group of the six 
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pieces, and the effective pole opening angles are 
arranged in the circumferential direction as the phase 
difference of electrical angles of the neighboring pieces 
equivalent to 0, n, 0, and n. 
5 Further, when the axial length is set to 2nL, 

assuming 4-piece division or 6-piece division as one 
group, for n times of the 4-piece division or 6-piece 
division, the same effect can be obtained. By the 4- 
piece division and 6-piece division, as aforementioned, 

10 Case D and Case H are obtained and the numbers of divided 
pieces are desirable for manufacture. 

Using the calculation model of the electric motor 
100 shown in Fig. 5, the frequency response diagram of 
the average vibration velocity exited by the radial force 

15 of the circularmode order 0, when the rotor 1 is not 

divided, is shown in Fig. 6. The calculation model of 
the electric motor 100 has an external surface composed 
of a front bracket, a rear bracket, and a frame. The 
stator core 7 is inserted into the frame using the 

20 shrinkage fitting method. The rotor 1 is installed 

inside the electric motor 100 via bearings fitted into 
the brackets. The frequency response has a peak at 5645 
Hz. 

The peak amplitude of the average vibration velocity 
25 of the electric motor 100 are shown in Fig. 7, when the 
electromagnetic radial force pattern is changed and the 
electromagnetic radial force exciting the stator core, is 
the circular mode order 0, and the amplitude of the 
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electromagnetic radial force is same in the longitudinal 
direction. The results show that the average vibration 
velocity when the stator core 7 is excited in Case D 
shown in Fig. 2 is reduced by about 25 dB in a case of no 
5 division and by 15 dB in Case C that the rotor 1 is 

equally divided into four parts and the phase difference 
of the electrical angle of each piece is set to 0, rc, 0, 
and 7i. On the basis of an ideal axial length and 
electrical angle arrangement obtained from theoretical 

10 formulas, the axial length and the electrical angle 

arrangement of a group of the aforementioned four pieces 
are decided, thus better results than Case C or G are 
obtained. Namely, the average vibration velocity is 
reduced by 11.5 dB or more, for example, by 15 dB or 20 

15 dB. These reductions can be realized by setting the 
equivalent axial length shown in each example of this 
embodiment to each piece axial length of the group 

Fig. 8 is a drawing showing calculation results of 
the average vibration velocity when a gear reducer is 

20 attached to the electric motor 100. Fig. 8 shows that 
the average vibration velocity of Case D for the 
electromagnetic exciting force is lower than the values 
of the other electromagnetic exciting force in the radial 
direction patterns and even if the gear reducer is 

25 attached, the vibration reduction effect is obtained. 
Next, the vibration response when the phase 
switching position is changed by several % will be 
examined. 
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The number of mesh divisions of the mesh diagrams 81 
of the section of the stator core in the axial direction 
is set to 20 (Fig. 9) . The calculation results of the 
peak of the average vibration velocity when the switching 
5 position of a phase difference of 0 or n is changed by 
±0.1L in the axial direction on the basis of Case D are 
shown in Figs. 10, 11, and 12 and the switching patterns 
are shown in Fig. 9. Fig. 9 is a diagram showing the 
position for switching the phase difference in the mesh 

10 diagrams 81 of the section of the stator core in the 
axial direction. Fig. 10 is a diagram showing 
calculation results of the average vibration velocity by 
changing the position for switching the phase difference 
of the electromagnetic exciting force in the radial 

15 direction of Case D. Fig. 11 is a diagram showing 

calculation results of the average vibration velocity by 
shifting the position PI (refer to Fig. 1) for switching 
the phase difference of the electromagnetic exciting 
force in the radial direction of Case D. Fig. 12 is a 

20 diagram showing calculation results of the average 
vibration velocity by shifting the position P2 for 
switching the phase difference of the electromagnetic 
exciting force in the radial direction of Case D. Figs. 
10 , 11, and 12 show that the switching positions of the 

25 phase differences 0 and ti of the electrical angle of Case 
D are optimal points. Further, even if the switching 
positions of the phase differences 0 and 71 are changed by 
±5% of the axial length, an vibration reduction effect is 
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obtained, and in every switching pattern, the average 
vibration velocity is reduced by 11 dB or more compared 
with the case of no division. The switching positions of 
the phase differences 0 and n include at least ±5% of 
5 changes. 

Therefore, even if the axial lengths of the rotor 
pieces 3, 4, 5, and 6 are set to values which are changed 
from the ideal value and are slightly varied, as long as 
they are based on Case D, the electromagnetic exciting 

10 force in the radial direction of Case D produces the 
vibration reduction effect. 

As mentioned above, in an electric motor composed of 
a rotor equipped with a magnet and a stator having a 
plurality of slots, the rotor or stator is divided into 4 

15 or 4n (n indicates an integer, 4 forms one group) pieces 
in the axial direction, and the axial length and the 
electrical angle of each piece, assuming the axial length 
of one group of the rotor core or stator core as 2L, the 
axial direction as the X-axis, the axial center as x=0 , 

20 and the electromagnetic exciting force in the radial 

direction as F(x), on the basis of the following three 
relational formulas : 

fF(x)dx = 0 
F(-i) = -F(x) 

are set according to the relationship between the 
equivalent axial length and the equivalent position 
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shifted between the pieces in the circumferential 
direction and are arranged in the setting order, and each 
piece of one group of four pieces, as an equivalent axial 
length, on the basis of 1:2:2:1, is set to any axial 
5 length within the range of ±5% of the total axial length 
of one group of the four pieces, and the effective pole 
opening angles are arranged in the circumferential 
direction as the phase difference of electrical angles of 
the neighboring pieces equivalent to 0, n, 0, and n. 

10 Thus far, for the harmonic component of the 

electromagnetic exiting force of the circular mode order 
0, the vibration reduction effect of the electromagnetic 
exciting force pattern in the radial direction of Case D 
has been examined, though for the harmonic component of 

15 the electromagnetic exiting force of the circular mode 
another order, the similar results can be obtained. 

Fig. 14 shows another embodiment. In this embodiment, 
on the assumption that the three formulas aforementioned 
are satisfied, the rotor 1 is divided into 6 pieces of 

20 rotor pieces 3, 4a, 4b, 5a, 5b, and 6 having the same 
axial length (1/3L) and the phase difference of the 
electrical angle between the permanent magnet 2a having 
the effective magnetic pole opening angle 0 of the rotor 
piece 3, the permanent magnet 2b having the effective 

25 pole opening angle 0 of the rotor pieces 4a and 4b, the 
permanent magnets 2c having the effective magnetic pole 
opening angle 0 of the rotor pieces 5a and 5b, and the 
permanent magnets 2d having the effective magnetic pole 
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opening angle 9 of the rotor pieces 6 is set to 0, n, 0, 
and 7i. By use of this constitution, the rotor pieces 3, 
4a , 4b , 5a, 5b , and 6 can be formed with the same axial 
length and the preparation cost can be decreased. 
5 Further, this is a constitution within the division range 
in the axial direction producing the vibration reduction 
effect. 

The case that the electromagnetic exciting force in 
the axial direction having a same amplitude in the axial 

10 direction is applied is described above. This concept 

can be applied also to a case that the division width of 
the axial length is fixed and the amplitude of the 
electromagnetic exciting force in the radial direction is 
changed in the axial direction. For example, as shown in 

15 Fig. 15, the rotor 1 with an axial length of 2L is 

equally divided into four rotor pieces and assuming the 
phase difference of the electrical angle of each piece as 
0, n, 0, and n , the axial direction as the X-axis, and 
the range of x as -L < x < L, a constitution that the 

20 amplitude of the electromagnetic exciting force at the 

range of X as in the radial direction -L/2 < x < 0 and 0 
< x < L/2 close to the central point 0 of the X-axis is 3 
times (a multiple of the set reference exciting force) of 
the amplitude of the electromagnetic exciting force in 

25 the radial direction at the range of X as -L < x < L and 
-L/2 < x < L meets Formulas 1, 2 and 3. 

Therefore, synthetically, in an electric motor 
composed of a rotor equipped with magnets and a stator 



having a plurality of slots, the rotor or stator is 
divided into even pieces such as 4 pieces or more in the 
axial direction, and the axial length and electrical 
angle of each piece, assuming the axial length of one 
group of the rotor core or stator core as 2L, the axial 
direction as the X-axis, the axial center as x=0 , and the 
electromagnetic exciting force in the radial direction as 
F(x), on the basis of the following three relational 
formulas : 

\ L L F(x)dx = 0 

l L L xF(x)dx = 0 
F(-x) = -F(x) 

are set according to the relationship between the 
equivalent axial length and the equivalent position 
shifted between the pieces in the circumferential 
direction and are arranged in the setting order. 

In any of the aforementioned examples, the electric 
motor is structured so as to arrange the effective pole 
opening angles of each piece at an angle shifted by one 
half of the slot between the pieces. 

As an actual embodiment, in an electric motor 
composed of a rotor equipped with magnets and a stator 
having a plurality of slots, the rotor or stator is 
divided into 4 or 4n (n indicates an integer, 4 forms one 
group) pieces in the axial direction, and assuming the 
axial length of one group of the rotor core or stator 
core as 2L, the amplitude of the electromagnetic exciting 
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force in the radial direction practically same in the 
axial direction of each piece, and each piece of one 
group of four pieces, as an equivalent axial length, is 
set to any axial length within the range from 0.19L, 
0.81L, 0.81L, and 0.19L to 0.39L, 0.61L, 0.61L, and 0.39L, 
and the effective pole opening angles are arranged in the 
circumferential direction as the phase difference of 
electrical angles of the neighboring pieces equivalent to 
0, 71, 0, and n. 

Further, in an electric motor composed of a rotor 
equipped with magnets and a stator having a plurality of 
slots, the rotor and/or stator is divided into 4 or 4n (n 
indicates an integer, 4 forms one group) pieces in the 
axial direction, and the amplitude of the electromagnetic 
exciting force in the radial directionpractically same 
the axial direction of each piece, and each piece of one 
group of four pieces, as an equivalent axial length, on 
the basis of 1:2:2:1, is set to any axial length within 
the range of ±5% of the total axial length of one group 
of the four pieces, and the effective pole opening angles 
are arranged in the circumferential direction as the 
phase difference of electrical angles of the neighboring 
pieces equivalent to 0, n, 0, and k. 

Further, in an electric motor composed of a rotor 
equipped with magnets and a stator having a plurality of 
slots, the rotor or stator is divided into 6 or 6n (n 
indicates an integer, 6 forms one group) pieces in the 
axial direction, and assuming the axial length of one 



group of the rotor core or stator core as 2L, the 
amplitude of the electromagnetic exciting force in the 
radial direction practically same in the axial direction 
of each piece, and each piece of one group, of six pieces, 
as an equivalent axial length, on the basis of 0.25L, 
0.50L, 0.25L, 0.25L, 0.50L, and 0.25L, is set to any 
axial length within the range of ±5% of the total axial 
length of one group of the six pieces, and the effective 
pole opening angles are arranged in the circumferential 
direction as the phase difference of electrical angles of 
the neighboring pieces equivalent to 0, ft, 0, and tt. 

Further, the electromagnetic exciting force pattern 
can be applied not only to the permanent magnet motor but 
also to the synchronous reluctance motor shown in Fig. 18, 
the switched reluctance motor shown in Fig. 17, and the 
brushless DC motor shown in Fig. 19. Therefore, a magnet 
other than a permanent magnet can be used and for example, 
an electromagnet is available. 

Furthermore, in the brushless DC motor shown in Fig. 
19, the magnets 2 is arranged in the stator core 7. The 
stator core 7 is divided into four pieces such as stator 
core pieces 71, 72, 73, and 74. Even if the stator core 
7 is divided like this, the same effect can be obtained. 

Further, as shown in Fig. 20, the present invention 
can be applied to a linear motor. At this time, it may 
be considered that the rotor 1 is cut off at one point 
and the cylindrical face is developed to a plane. At 
this time, it may be considered that the electromagnetic 
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exciting force in the radial direction cuts off a part of 
the circular mode at one point and the cylindrical face 
is developed to a plane. 

Industrial Field of Application 
5 The electric motor of the present invention is 

effective in reducing, among vibration and noise caused 
by the drive operation, vibration and noise of the motor 
excited by the electromagnetic electromagnetic exciting 
force in the radial direction. 
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